It reviews the transfer of nutritional technologies to developing nations, seeking to identify the most important contemporary policy issues at both the national and international levels. The paper considers both the traditional public sector programs to transfer agricultural technologies efforts and the more recent private sector efforts. The technology transfer issues are substantially different for farmers in the market sector and for those in the subsistence/small-holder sector, so the analysis proceeds in a matrix pattern, looking at the policy issues in each of the four quadrants of the matrix (private/market; public/market; private/small-holder; and public/small-holder). The paper recognizes that nutrition is shaped not only by agriculture but also by food distribution systems and technologies and attempts to take into account the rapid changes in the developing world food distribution process. In this respect, the study concentrates on plant agriculture and food-procession; it does not consider fisheries, but does give some coverage to animal agriculture. The paper considers the variety of policies affecting the transfer of technology in the nutritional area, including intellectual property, competition law, biosafety, international trade, and public sector research issues. In some areas, it poses specific policy issues; in others it calls for further policy-focused research.
Intellectual property rights have never been more economically and politically important or controversial than they are today. Patents, copyrights, trademarks, industrial designs, integrated circuits and geographical indications are frequently mentioned in discussions and debates on such diverse topics as public health, food security, education, trade, industrial policy, traditional knowledge, biodiversity, biotechnology, the Internet, the entertainment and media industries. In a knowledge-based economy, there is no doubt that an understanding of IPRs is indispensable to informed policy making in all areas of human development.
Intellectual property was until recently the domain of specialists and producers of intellectual property rights. The TRIPS Agreement concluded during the Uruguay Round negotiations has signalled a major shift in this regard. The incorporation of IPRs into the multilateral trading system and its relationship with a wide area of key public policy issues has elicited great concern over its pervasive role in people's lives and in society in general. Developing country members of the World Trade Organization (WTO) no longer have the policy options and flexibilities developed countries had in using IPRs to support their national development. But, TRIPS is not the end of the story. Significant new developments are taking place at the international, regional and bilateral level that build on and strengthen the minimum TRIPS standards through the progressive harmonisation of policies along standards of technologically advanced countries. The challenges ahead in designing and implementing IP-policy at the national and international levels are considerable.
Empirical evidence on the role of IP protection in promoting innovation and growth in general remains limited and inconclusive. Conflicting views also persist on the impacts of IPRs in the development prospects. Some point out that, in a modern economy, the minimum standards laid down in TRIPS will bring benefits to developing countries by creating the incentive structure necessary for knowledge generation and diffusion, technology transfer and private investment vi flows. Others stress that intellectual property, especially some of its elements, such as the patenting regime, will adversely affect the pursuit of sustainable development strategies by raising the prices of essential drugs to levels that are too high for the poor to afford; limiting the availability of educational materials for developing country school and university students; legitimising the piracy of traditional knowledge; and undermining the self-reliance of resourcepoor farmers.
It is urgent, therefore, to ask the question: How can developing countries use IP tools to advance their development strategy? What are the key concerns surrounding the issues of IPRs for developing countries? What are the specific difficulties they face in intellectual property negotiations? Is intellectual property directly relevant to sustainable development and to the achievement of agreed international development goals? Do they have the capacity, especially the least developed among them, to formulate their negotiating positions and become well-informed negotiating partners? These are essential questions that policy makers need to address in order to design IPR laws and policies that best meet the needs of their people and negotiate effectively in future agreements.
It is to address some of these questions that the joint UNCTAD-ICTSD Project on Intellectual Property and Sustainable Development was launched in July 2001. One central objective has been to facilitate the emergence of a critical mass of well-informed stakeholders in developing countries -including decision makers, negotiators but also the private sector and civil societywho will be able to define their own sustainable human development objectives in the field of IPRs and effectively advance them at the national and international levels.
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EXECUTIVE SUMMARY
The most important policy issues in the context of nutrition and technology transfer are related to intellectual property rights; competition issues in the seed, food processing and marketing sectors; biosafety questions; and trade and macroeconomic considerations.
Humans obtain food through two fundamentally different ways. One is relatively selfsufficient subsistence farming in which a small economic unit, typically a family, produces its own food. The other is production of food for a market and the consumption of purchased goods.
The task for technology transfer in a smallholder economy is to improve the subsistence farmer's standard of nutrition. In a market economy, technology transfer has a double objective: first, to enable the production of larger quantities of marketable products; and second, to improve the movement of food from the farm to the consumer. Reflecting the increasing degree of urbanisation worldwide, subsistence farming is steadily losing ground to the market economy. This trend poses serious challenges for nutrition and technology transfer policies. Recent World Bank figures show that current food production levels are clearly too low to satisfy the Millennium Development Goal of halving the proportion of people suffering from hunger by 2015.
Technology Transfer Processes in Nutrition and Agriculture
There are two economic mechanisms of supporting the development and transfer of agricultural technology, one based on the public sector and the other on the private sector.
With respect to public sector agricultural research, the lead institutions in breeding new varieties during much of the last three decades were those of the Consultative Group on International Agricultural Research (CGIAR), which co-ordinates a series of research centres throughout the world to meet developing world agricultural research needs. Middle-income developing countries have also established their own national agricultural research institutes.
With public sector budgets shrinking, private sector agricultural research is becoming increasingly important in developed and middle-income developing countries. Only a small part of this research is currently spent on developing country needs, although huge markets such as Brazil, China and India might receive increasing attention in the future. As yet, the poorest nations have not been able to benefit from private sector research and related technology transfer.
Key Policy Issues
The market/small-holder production patterns, and the private/public technology transfer patterns define a two-by-two matrix, as shown below. Policy issues may arise in particular in the contexts of intellectual property (IP), competition, biosafety and trade and macroeconomics.
FORM OF TECHNOLOGY TRANSFER
With respect to IP, the primary challenges exist in the seed sector. The main question is whether the UPOV Conventions provide sufficient incentives for private sector research for field crop varieties, or whether such research is better accommodated through the regular patent system. Under UPOV, plants into which a gene has been introduced through genetic engineering may be used by third parties for breeding purposes. This possibility may be denied under patent law. Depending on national implementation, it would be a patent infringement to insert a patented gene into another plant or to use such a transgenic plant for breeding purposes. This stronger form of monopoly right arguably enables private sector researchers to better recoup the costs of their investment, as illustrated by the significant increase of private sector research in the developed world after the introduction of patents to the biotech sector in the late 20 th century. Therefore:
Based on factors such as market size and research capability, a developing nation should decide whether to adopt a UPOV style system in minimal compliance with TRIPs or instead to adopt a stronger biotechnology-oriented patent system.
Depending on their attitudes toward biotechnology, poor nations should consider ways to make themselves more appealing to private biotechnology research, for instance through integrating the seed markets of several nations followed by adoption of appropriate intellectual property rights.
Research is needed on how major a role will be played by intellectual property rights in the global agricultural export sector and in the supermarket revolution, and on what might be the reasonable response for the developing world.
With respect to competition issues, the main challenge arises from the possible concentration of multinational biotech companies in developing countries and consequent negative price effects. On the other hand, such companies are likely to provide considerable technology transfer to the host country. Therefore:
Nations with limited private sector competition in the seed industry should ensure that public sector varieties are available in competition with private sector ones.
Middle income developing nations should develop appropriate competition law principles and bureaucratic structures for reviewing multinational acquisitions of local firms.
These nations should also seek to participate effectively in international competition law negotiations in order to ensure that they are not harmed by global-level declines in competition.
In the area of biosafety, developing countries are concerned about losing European export markets if they engage in research and production of genetically modified food. Therefore:
Developing nations should seek a way in which the biosafety uncertainties of genetically modified agriculture can be resolved, so that these nations can make appropriate decisions to encourage or regulate the private sector's interests in using these technologies.
As to trade and macroeconomics, developing countries should ensure that at the national level, tax regimes and investment policies are conducive to the transfer of agricultural technology from abroad. In the international context, developed countries' agricultural subsidy schemes pose a considerable challenge to exporting developing countries. Therefore:
Developing nations should carefully consider their positions vis-à-vis international negotiations on agricultural trade and agricultural product standards, with the goal of ensuring that their agricultural sectors face competition conditions that encourage the adoption of economically-desirable new technologies.
The public sector and market agriculture quadrant
Generally, there is only a limited need for public means of technology transfer in an efficient market-based agricultural sector. Nevertheless, the public sector should remain available as a counter-balance to anti-competitive moves in the private sector. In addition, certain broad societal needs are not addressed by the private sector and thus require basic public sector research. Therefore:
Public sector research institutions should seek ways to carry out and support basic research of value to both people and the environment in developing countries and to cooperate with the private sector in a way that encourages the application of this research as new requirements affect world agriculture.
The private sector and small-holder agriculture quadrant
Private sector research is almost irrelevant for subsistence farmers, because the latter are unlikely to have the financial means to purchase private research products. One major challenge subsistence farmers are exposed to in the area of private sector research is plant breeders' rights. Under the 1991 UPOV Convention, seed saving may be permitted, but seed exchange is prohibited (Article 15). However, such prohibition is not mandated by the TRIPs Agreement. Therefore:
In the developing world, seed law and plant breeders' rights law should be tailored to take into account the needs of small-holder farmers.
On the other hand, the private sector does offer important opportunities to small-holder farmers. It could, for instance, make advanced seed varieties at low cost available to subsistence farmers, while recouping its expenses through sales to market-economy farmers at market prices. Therefore:
The public and private sector should co-operate to develop public-private licensing arrangements and partnerships designed (a) to bring new technologies to subsistence farmers under terms that allow them to reap benefits from research while permitting the private sector to obtain appropriate economic compensation in the market sector, and (b)
to help small farmers enter the agro-industrial sector.
The public sector and small-holder agriculture quadrant
In this quadrant, it is important to define the appropriate tasks for public sector research:
How should public sector agricultural research be refocused to deal effectively with the now highly diverse areas of rural poverty? What should be its relation to the private sector? Should the public sector commit itself to biotechnology research?
Another challenge for public research consists of the increasing patenting of "research tools", 
In a market economy
In a market economy, the technology transfer task is to enable the family to produce a larger quantity of 
Trends
The global trend is toward nutrition through a market economy, as is essential to support the world's increasing degree of urbanization. This is also a normal effect of success in economic growth. Moreover, the long-term global trend is of successful technology development and transfer.
But this success is falling off. Thus, agricultural yields per hectare are still increasing, but at a declining rate. 
Traditional public sector approaches
The traditional mechanism of supporting nutritional research, both in the developed world and in the devel- million. 9 The developing world institutions frequently have scientists trained in the developed world and are in contact with research institutions in the developed world. In some cases they have provided the conduits to bring CGIAR technologies to farmers as well as to bring their own technologies. In the future, they will almost certainly develop their own technologies. But, it should be noted that the research levels for Sub-Sahara African institutions are growing more slowly than those for anywhere else in the world. 
Private sector roles

Trends
The trend is for more and more agricultural research, including that for developing nations, to be done in the States. 19 And it remains to be seen what kind of research will be done by the vertically integrated and marketing organizations.
KEY POLICY ISSUES
The two kinds of production pattern and the two kinds In a further twist that has become politically controversial, there is the possibility of "GURT" (genetic use restriction technology) or "terminator" technology under which a plant is genetically engineered in such a way that the seeds it produces will be sterile, so that farmers cannot reuse them. This could provide the same kinds of incentives provided by hybridisation and avoid the various restrictions of intellectual property law. The technology has been strongly attacked politically, and whether firms will actually use it is not clear.
For the developing nation, the question is whether any of these forms of protection will be useful in encour- For middle-income countries, however, it seems likely that the same incentives that have been effective in the developed world will be effective in the developing world as well. Research is needed in order to adapt the crops optimised for one climate and agronomic region to another. For these middle-income countries that are interested in biotechnology-based improvements, it is almost certainly, then, the regular patent system that is more significant. (As will be noted below, the system should be adapted to developing nation needs.)
b. In other sectors
The intellectual property issues look quite different for a private firm seeking to export to the developed world, 
Biosafety issues
One of the most important policy issues confronting developing nations is whether or not to use biotech- 
Trade and macroeconomic issues
There 
Public sector & market agriculture quadrant of the matrix
In general, the public sector is not needed where there is an efficient private sector, and there is likely to be an efficient private sector where there are markets, at least in the larger developing nations. Hence, the role for the public sector is limited with respect to market agriculture. However, there are at least two important issues that need to be considered. The first, already discussed above, is the need to maintain availability of a public sector variety where there is limited competition. Clearly this need depends on the actual level of competition -and is significantly less where there are many private firms or where the varieties are being marketed for production for export.
The second is new, and much more complex. This is the choice of research goal and strategy to be emphasized by the international and developing-world public agricultural sector. Naturally, the major focus of this sector has been the needs of the subsistence farmer. It has also, however, contributed significantly to the needs of market farmers and is likely to continue to do so in many nations. Moreover, it in general currently finds itself downstream of the private sector, looking to take technologies being developed by the private sector and to adapt them to developing world needs. 
Private sector & small-holder agriculture quadrant of the matrix
Almost by definition, the private sector is irrelevant to small-holder agriculture, for small-holder farmers are unlikely to be able to purchase significant inputs. Yet, it
is important for such farmers to have access to the best breeding material possible, and at least some will 
Defining appropriate research tasks
The obvious one is to define the correct research tasks.
What are the priorities that will be most beneficial to as are many specific genes and ways to place genes into plants. 31 In the United States, even traditional varieties are patented in order to prohibit their use as a source of variation for further breeding.
This poses a severe issue for public sector research institutions, which fear that they will infringe the patents. It is clear that these institutions use much patented technology. 32 There may often be no technical infringement, because the technology may be patented only in the developed nations, and the research may be done in developing nations. Patents apply only territorially so the direct impact may be only on research in developed nations and on exports to those nations. This naturally reduces the effects of the patents. 33 Nevertheless, there may still be political pressures on research institutions to avoid conducting such research out of fear that they will offend donors or firms with whom they hope to collaborate.
The general fear about the patenting of "research tools" is that the number of patents on such tools will become so great as to create serious complications in research. 34 Researchers avoid this problem in a number of ways: through use of a research exemption (available in some nations, but recently held generally unavailable in the United States 35 ), through doing the research abroad, through simply ignoring the patent, or through negotiating a specific license. The most recent careful study (in the pharmaceutical industry) found no cases of lines of research that were actually terminated as a result of these patents, but did find evidence that research goals were chosen with patent concerns in mind and that the various evasive devices just described were commonly used. 36 Licenses are expensive to negotiate and may not always be available.
There are proposals for various kinds of intellectual property intermediaries to deal with this issue. For example, the Rockefeller Foundation has created a patent intermediary for Sub-Sahara Africa, the African Agricultural Technology Foundation. 37 The planned arrangements reflect the private sector's desire to avoid backflow of seed into its profit-making markets, a concern that can be overcome in Sub-Sahara Africa, but These issues are recognized in the World Bank's rural development strategy papers. 39 The heart of the strategies described in these papers is to remove This issue is, of course, not new, and the CGIAR system has just been questioned for its shift in research focus away from agricultural production research and towards policy and environmentally oriented research. 42 Obviously, there is need both for technological research and for research on whether this technology will be beneficial to the poor and, if it is, on how to create the conditions that the technology can be spread more 
GENERAL IMPLICATIONS FOR DEVELOPING NATIONS
The above analysis leads to an agenda for further research and action. Since many of the analytic and action areas arise in several of the matrix quadrants, this section will be organized by area rather than by quadrant. For each area, the issues will be reviewed, as will the state of international negotiations, and the consequent needs for expertise and research. Considering that much research of significance to developing nations is carried out in developed nations, these patent principles (which are followed in some nations but not in others) should be followed in both developed and developing nations. 
TRIPS and intellectual property issues
Competition law
Two groups of competition law issues were noted And they would be unable to invest in research were they not able to gain some form of super-competitive profit.
Partly, these oligopolies raise issues at the global level.
If two of the remaining global seed firms were to seek to combine, there is little that the developing nations could do about it. The issue is rather one for U.S. and
European antitrust authorities, who are more likely to consider competitive impacts in their own markets than to consider such impacts in developing-world markets.
There is obvious need here for a global antitrust policy 
Trade law
As noted above, the developed world's agricultural subsidy programs impose significant costs on developing world agriculture and create incentive barriers to the 
Public sector activity and research policy
The final area of focus -and one of the most important -is that of public sector activity and research policy. These needs will require several important changes.
First, the agricultural public sector will have to become more sophisticated on at least some issues -it is in large part not now upstream from the private sector (as is the NIH). Thus some part of the research done by the international and developing world public sector should be at a much more basic level than that now done -certainly including the basic science involved in environmental and biosafety analysis. In many other research areas, such as medicine, the public sector funds research that is too basic to interest industry; in the nutrition sector, it has tended to fund applied research for applications to communities that are too poor to interest industry.
Some of both kinds of research will be needed.
Second, the public sector will have to cooperate more closely with the global private sector, for that sector now has much more of the most important technologies.
This will require new kinds of partnerships, and the negotiation and conduct of these partnerships to be both fair and effective will be an important issue. This is happening already in the medical sector, with the creation of partnerships addressed to research on specific diseases. These partnerships are, so far, primarily funding promising early research; it is an issue for the future whether they will be able to raise the larger sums and organize the broader cooperation to achieve production and distribution of useful products.
It is not at all clear that this pattern should be followed in the agricultural sector -but different patterns should certainly be explored.
Third, there may be a need to coordinate the public research institutions more effectively. At one time, this could be done by the CGIAR system, but, as noted above, that system is now conducting only a rather small portion of the research being done globally for the benefit of developing nation agriculture. More results could probably be achieved if there were significant efforts to coordinate the activities of different national agricultural research establishments.
Finally, there needs to be more consideration of the national-level institutional and economic factors that contribute to the adoption of new agricultural technologies. These may be crucial; they certainly include, but are much more far-reaching than the adequacy of extension systems. They involve a nation's basic economic strategies, including its subsidy strategy, and its choice between efforts to improve the lot of subsistence farming communities while leaving them as such communities or alternatively attempting to find other opportunities in the economy for the members of such communities. How the world moves from subsistence farming to urbanization and market farming will depend on macroeconomic issues as well as on land tenure and farm size, and there will be unavoidable change in the rural economic structure. Understanding and dealing with these areas is essential and will require including the international financial institutions in the discussion along with the traditional agricultural biological and social scientists.
